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(57) The present Invention relates to a low-cost, 
wideband printed antenna system for the microwave 
and mm-wave frequency range. The antenna system 
according to the present invention consists of a butterfly- 
shaped dipole (radiator) comprising two elements 2, 3, 
balanced microstrip lines 4, 5 and balanced-to-unbal- 
anced transition 8, 9 for the feeding networi<. The whole 
structure is printed on a low-loss dielectric substrate 1 
and is placed about a quarter wavelength above a metal 
reflector plate 6. The two elements of the radiator are 



printed, respectively, on the opposite side of the sub- 
strate. Different radiating element shapes 5, 6 and their 
design method are presented. The proposed antenna 
system achieves wideband operation concerning im- 
pedance, antenna gain and radiation pattern character- 
istics. Bandwidth enhancement over the conventional 
dipole element, is achieved by the shape of the dipole, 
the proper matching between the feeding line and the 
radiating element, through coupling elements 10 locat- 
ed along the balanced microstrip lines and adjacent the 
radiating elements. 
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Description 

[0001] The present invention relates to a wideband 
printed antenna systenn for the microwave and mm- 
wave frequency range. In particular the present inven- 
tion relates to wideband printed antenna system for C 
band. 

[0002] Microstrip antennas have become a fast evolv- 
ing topic in antenna technology, mainly due to the in- 
creased need for miniaturization, integration with micro- 
wave integrated circuits and cost-effectiveness. Howev- 
er, when compared to traditional antenna elements, 
microstrip antennas have inferior electrical characteris- 
tics, one of them being the narrower operational band- 
width. The term operational bandwidth of an antenna re- 
fers to the radiation pattern (antenna gain, sidelobes lev- 
el and cross-polarization) and impedance characteris- 
tics of the antenna. The need for wideband operation is 
a desirable characteristic especially for higher frequen- 
cies, because dimensional tolerances become critical, 
as they become comparable to the wavelength, and se- 
verely affect the antenna performance. 
[0003] Research over the last decades has signifi- 
cantly improved the operational bandwidth of microstrip 
antennas over the traditional printed dipole, employing 
various techniques and antenna architectures. U.S. Pat- 
ent 4,847,625 (Dietrich et al) describes a multilayer ap- 
erture-coupled microstrip antenna having bandwidth of 
about 20% with a VSWR of 2:1 or less. However, the 
complexity of multilayer structures results in increased 
cost and decreased ease of fabrication. Yu-De Lin and 
Syh-Nan Tsai, present in "Analysis and Design of 
Broadside-Coupled Striplines-Fed Bow-tie Antennas", 
IEEE, March 1998, a single-element bow-tie antenna 
fed by broadside-coupled striplines, which has a band- 
width of 19% for VSWR < 1.5:1. U.S. Patent 6,037,911 
(Brankovic et al) describes a wideband printed phased 
array antenna having more than 30% working range 
compared to known microstrip dipole antennas. The 
document discloses an antenna with a plurality of single- 
element antenna systems, fed by a series of feeding 
lines, connected at T-junctions with particular features. 
[0004] The object of the invention is a simple, single- 
element antenna system having the following charac- 
teristics: relatively increased wideband operation, low 
production costs, ease of fabrication, compact design, 
good efficiency, high gain, low tolerance sensitivity, mul- 
tipurpose and mass-production capability 
[0005] According to the invention the antenna system 
comprises a) a dielectric substrate with a front and a 
back dielectric face, b) a dipole with a first radiating el- 
ement for radiating and receiving electromagnetic sig- 
nals being printed on the front face of the dielectric sub- 
strate and a second radiating element for radiating and 
receiving electromagnetic signals being printed on the 
back face of the dielectric substrate, c) a metal strip for 
supplying signals to and from the dipole, said metal strip 
having a first line coupled to the first radiating element 



and a second line coupled to the second radiating ele- 
ment. Further, according to the invention the first line 
comprises a linear portion and a coupling element cou- 
pling the linear portion to the first radiating element and 

5 the second line has a linear portion and a coupling ele- 
ment coupling the linear portion to the second element. 
[0006] The single-element antenna system provides 
the basic structure for antenna array systems, with po- 
tential applications in a) modern communication sys- 

10 terns, such as personal communication systems, mobile 
satellite communications, wireless local area networks 
(WLANs), direct broadcast television (DBS), automotive 
radar systems, and b) military applications, such as 
wideband phased arrays for radar applications, ECM 

15 equipment, conformal phased arrays for telemetry sys- 
tems, wideband jammers. 

[0007] Embodiments of the invention offering further 
advantages are defined in dependent claims 2 to 10. 
[0008] Claims 2 and 3 define preferred embodiments 

20 of the radiating elements: according to claim the projec- 
tion of the dipole to either side of the dielectric substrate 
has a butterfly shape, with an axis of symmetry coincid- 
ing with the direction of the metal strip for supplying sig- 
nals to and from said dipole. The butterfly shaped pro- 

25 jectlon has a first dimension along the axis of symmetry 
and a second maximum dimension, normal to the first 
dimension, with the ratio of the second dimension over 
the first dimension being between 2.6 and 8. According 
to claim 3 this ratio is between 3.5 and 4.5. 

30 [0009] Claims 4 to 5 defined advantageous embodi- 
ments of the invention including radiating elements with 
particular features. 

[0010] The tangents of the periphery of the first radi- 
ating element and the second radiating element at their 

35 intersections with the axis of symmetry is oblique to the 
direction normal to the axis of symmetry at an angle, 
which according to claim 6 is between 10° and 50°. In 
a further embodiment, which defined in claim 7, this an- 
gle is preferably, between 25° and 42°. 

40 [0011] Further preferred shapes of the coupling ele- 
ments are defined in claims 8 and 9. 
[0012] The antenna of claim 1 0 comprises a plurality 
of the antenna systems in accordance with the inven- 
tion. 

45 [001 3] The invention will be now described by way of 
example and with reference to the accompanying draw- 
ings in which: 

[0014] Figure 1 shows a perspective view of an an- 
tenna system according to the present invention. 

50 [0015] Figure 2 shows a schematic top view of the an- 
tenna system shown of figure 1 . 
[0016] Figure 3 shows a cross-sectional view of the 
balanced microstrip line structure. 
[0017] Figures 4a and 4b show a schematic top view 

55 of radiators including coupling (matching) elements. 
[001 8] Figures 5a and 5b show possible shapes of the 
radiating elements according to the invention. 
[0019] Figure 6 shows a particular shape of the radi- 
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ating element. 

[0020] FIG. 7 shows a top view of the proposed C 
band solution according to the present invention, includ- 
ing dimensions in mm. 

[0021] Figure 8 shows the measured diagram of the 5 
input reflection coefficient of the antenna system shown 
in figure 7 as obtained using a scalar network analyzer. 
[0022] Figure 9 shows a top view of the proposed but- 
terfly antenna structure according to the present inven- 
tion, including dimensions in mm. io 
[0023] Figure 1 0 shows the measured diagram of the 
input reflection coefficient of the antenna system shown 
in figure 9 as obtained using a scalar network analyzer. 
[0024] Figure 1 1 shows an antenna array comprising 
the single-element antenna systems in accordance with ^5 
the present invention. 

[0025] Figure 1 2 shows the measured diagram of the 
input reflection coefficient of the antenna array shown 
in figure 1 1 as obtained using a scalar network analyzer. 
[0026] The proposed antenna system consists of a 20 
butterfly shaped dipole (radiator) comprising two radiat- 
ing elements, balanced microstrip lines and balanced- 
to-unbalanced transition (balun)forthefeeding network. 
According to the invention the shape of the radiating el- 
ements is isosceles trapezium with its sides, i.e. the edg- 
es of the radiating elements, being straight or almost 
straight lines. The balun is made wideband enough, so 
that the antenna bandwidth is not restricted. The whole 
structure is printed on a low-loss dielectric substrate and 
is placed about a quarter wavelength above a metal re- 
flector plate. The two radiating elements of the dipole 
are printed on the opposite side of the dielectric sub- 
strate. The proposed antenna system achieves wide- 
band operation; bandwidth enhancement over the con- 
ventional dipole element, is achieved by the specific 
shape of the radiating elements, the proper matching 
between the feeding line and the radiating elements, 
through a coupling element, which may be a tapered or 
stepped balanced portion of the microstrip line, and the 
distance of the substrate from the ground plane (metal 
plate). 

[0027] The wideband antenna system of figure 1 com- 
prises a dielectric substrate 1 , having a front face and a 
back face, a butterfly shaped dipole, having a first radi- 
ating element 2 for radiating and receiving electromag- 
netic signals printed on the front face of the dielectric 
substrate 1 , and a second radiating element 3 for radi- 
ating and receiving electromagnetic signals printed on 
the back face of the dielectric substrate 1 . The first ra- 
diating element 2 points in a first direction and the sec- 
ond radiating element 3 points in a second direction, 
which is opposite to that first direction. Further metal 
strip means is provided for supplying signals to and from 
the dipole with the metal strip means having a first line 
4 adjacent the radiating element, printed on the front 
face of the substrate 1 and coupled to the first radiating 
element 2 and a second line 5 printed on the back face 
of the substrate 1 and coupled to the second radiating 



element 3. The first line 4 has a linear portion with con- 
stant cross-section and a coupling element 1 0 adjacent 
the radiating element, coupling the linear portion to the 
first radiating element 2. Similarly the second line 5 has 
a linear portion with constant cross-section and a cou- 
pling element 10 coupling the linear portion to the sec- 
ond radiating element 3. A reflector 6 is located at a dis- 
tance H parallel to the back face of the dielectric sub- 
strate 1 . Air or a low loss material 7 is provided between 
reflector 6 and the back face of the substrate 1 . The first 
and second lines are balanced and arranged parallel 
and opposite to each other on said front and back die- 
lectric face, respectively. The antenna system according 
to the present invention includes a transition element 
coupled to the first line 4 and the second line 5 to provide 
a transition between the first and second lines and the 
system front-end, for supplying signals to and from the 
antenna. The transition element comprises a first ele- 
ment 8 and a second element 9 coupled to the first line 
4 and the to the second line 5 respectively. 
[0028] The dipole according to the invention consists 
of the two radiating elements 2 and 3. In any of the fig- 
ures 1 , 2, 4a, 4b, 7, 1 0 it can be seen that the projection 
of the dipole on either face of the substrate 1 has a but- 
terfly shape with an axis of symmetry 20, which coin- 
cides along the direction of the metal strip means 4, 5. 
The dimension of the butterfly along the axis of symme- 
try equals W, whereas its maximum dimension in a di- 
rection normal to the axis of symmetry is 2L. According 
to the invention 8>2Lyw>2.6 and preferably 4.5>2L/ 
W>3.5. Further the angle a defined i) by the tangent to 
the edge of the radiator at its intersection with the metal 
strip, and ii) the direction, which is nonnal to the metal 
strip lines 4, 5 and which coincides with the direction of 
the axis of symmetry 20, is preferably between 10° and 
50°. Further advantages are offered when a is between 
25° and 40°. 

[0029] Figures 4a, 4b show an embodiment with the 
radiating elements 2, 3 being isosceles trapeziums, 
whereby its sides are straight lines of equal length. L is 
the radiator length, which is equal to the height of the 
trapezium, W is the width of the smaller base of the tra- 
pezium, and a is the angle between L and the adjacent 
side of the trapezium. The application of the proposed 
system in lower or higher frequency ranges is possible 
by up or down scaling these dimensions. Variation of the 
dielecthc substrate 1 and the material 7 between the di- 
electric substrate 1 and the reflector metal plate 6 can 
influence the system performance. However, design pa- 
rameters must be kept within the specified limits, in or- 
derto obtain wide impedance and gain bandwidth, while 
cross-polahzation is kept in low level (<-20dB). 
[0030] Wider impedance bandwidth may be achieved 
by increasing the distance H of the dielectric from the 
ground plane (see figure 1). In this way the radius of the 
antenna impedance locus on the Smith Chart decreases 
and the gain in higher frequencies is decreased. In order 
to increase the gain of the antenna in higher frequen- 
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cies, the distance from ground must be reduced, but in 
this case impedance bandwidth is reduced, and addi- 
tional matching is needed. Therefore the distance has 
to be selected in such way so that by properly matching 
the antenna, impedance and antenna gain bandwidth 
can provide wideband operation . In accordance with the 
invention proper matching is achieved by providing cou- 
pling (matching) elements 10 which have the effect of 
reducing the radius of the impedance locus and moving 
its center to a point symmetrical to the axis of the real 
impedance on the Smith Chart. The coupling element 
10 of figure 2 has a tapered portion. Figure 4a shows a 
matching element 10 with two portions having different 
widths, while the edges of the matching element 10 of 
figure 4b are curved. The coupling elements 10 are lo- 
cated adjacent the radiating elements 2, 3 and may be 
integral parts of the first and second lines 4, 5 respec- 
tively. Final tnmming of the antenna system, according 
to specific needs, may require additional matching ele- 
ments 1 1 , as shown in figure 2. 

[0031] According to the present invention, the edges 
of the trapezium-shaped radiating elements 2, 3 are 
straight or almost straight lines. Examples with radiating 
elements having curved edges are shown in figures 5a 
and 5b, 6 and 1 0. Figures 5a and 5b show radiating el- 
ements with edges being almost straight. In these cases 
the sides of the trapeziums may be approximated by an 
exponential or polynomial function, for example of the 
form y = Ae^ + b or y = Ax^ + b, where x is measured 
along the dimension L and y is normal thereto. Thus the 
radiating element of figure 5a has a concave shape and 
that of figure 5b has a convex. 

[0032] Advantageously, the material at the corner 
formed between the side and the large base of the ra- 
diating elements of figure 6 is relieved and thetwo edges 
lines are connected by a portion of a circle 12 whose 
center 13 is located on plane of the radiating element, 
as indicated in figure 6. The resulting dipole is shown in 
figure 9. 

[0033] A top view of the proposed antenna system for 
C band operation, which is similar to the one presented 
in figure 2, is shown in figure 7. Figure 7 includes the 
dimensions of the antenna in mm. As it can be seen 
U12mm, 2L=24mm, W=:6mm, 2L/W=4, a^7°. The 
structure is printed on a 0.81 mm thick Rogers 4003 (reg- 
istered trademark) dielectric substrate with dielectric 
constant er=3.38. Plastic spacers are used to place the 
dielectric 24mm above a metal reflector plate. Figure 8 
shows the measured results of the input reflection coef- 
ficient of the antenna system of figure 7; as it can be 
seen, the antenna according to the present invention 
shows wideband operation (bandwidth = 1 octave for 
S^^ < -1 5dB, for the frequency range 3-6GHz). However, 
the antenna gain in higher frequencies is reduced due 
to splitting of the main lobe. The measured input reflec- 
tion coefficient of the antenna system of figure 8 was 
obtained using a scalar network analyzer. 
[0034] Wider antenna gain bandwidth with low cross- 



polarization level may be achieved with the antenna 
comprising the radiating element of figure 9 and reduced 
spacing from the reflector plate. The main dimensions 
of the radiating elements are: L=16mm, 2L=32mm, 

5 W=8mm, whereas the sides of the trapeziums follow the 
curve y = 1 .26x - e0-i67x +5, for 0 < x < 1 3.5, and (y - 
10)2 + 3.5)2 = 2.52, for 13.5<x<16. The height H of 
the substrate 1 from the reflector plate 6 equals 
H=20mm. Other dimensions of this example are pre- 

10 sented in figure 1 0. The proposed system achieves wide 
bandwidth concerning impedance (frequency range 
3.15-4.3GHZ for S^^ < -15dB), antenna gain, cross-po- 
larization and radiation pattern characteristics. 
[0035] Application of the above single-element anten- 

15 na system into a planar antenna array is shown in figure 
11 . The above system is optimized for minimum reflec- 
tion coefficient (S^^ < -20dB) for the frequency range 
3.4-4 GHz (figure 12). 

20 

Claims 

1. Antenna system comprising a) a dielectric substrate 
(1 ) with a front and a back dielectric face, b) a dipole 

25 with a first radiating element (2) for radiating and 
receiving electromagnetic signals, said first radiat- 
ing element (2) being printed on the front face of the 
dielectric substrate (1 ), and a second radiating ele- 
ment (3) for radiating and receiving electromagnetic 

30 signals, said second radiating element (3) being 
printed on the back face of the dielectric substrate 
(1), c) a metal strip for supplying signals to and from 
the dipole, said metal strip having a first line (4) cou- 
pled to the first radiating element (2) and a second 

35 line (5) coupled to the second radiating element (3), 
characterized in that the first line (4) comprises a 
linear portion and a coupling element (10) coupling 
the linear portion to the first radiating element (2), 
and in tliat the second line (5) has a linear portion 

40 and a coupling element (10) coupling the linear por- 
tion to the second element (3). 

2. Antenna system according to claim 1 , whereby the 
projection of the dipole (2, 3) to either side of the 

45 dielectric substrate has a butterfly shape having an 
axis of symmetry, which coincides with the direction 
of the metal strip (4, 5) for supplying signals to and 
from said dipole (2,3), with the butterfly shaped pro- 
jection having a first dimension along the axis of 

50 symmetry and a second maximum dimension, nor- 
mal to the first dimension, and whereby the ratio of 
the second dimension over the first dimension be- 
ing between 2.6 and 8. 

55 3. Antenna system according to claim 1 , whereby the 
projection of the dipole (2, 3) to either side of the 
dielectric substrate has a butterfly shape having an 
axis of symmetry, which coincides with the direction 
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of the metal strip (4, 5) for supplying signals to and 
from said dipole (2, 3), with the butterfly shaped pro- 
jection having a first dimension along the axis of 
symmetry and a second maximum dimension, nor- 
mal to the first dimension, and whereby the ratio of 
the second dimension over the first dimension be- 
ing between 3.5 and 4.5. 

4. Antenna system according to any of the claims 1 to 
3, whereby the first radiating element and the sec- 
ond radiating element are isosceles trapeziums. 

5. Antenna system according to claim 4, whereby the 
sides of the isosceles trapeziums are curved, so 
that the first radiating element (2) and the second 
radiating element (3) have a concave or convex 
shape. 

6. Antenna system according any of claims 1 to 5, 
whereby the projection of the dipole (2, 3) to either 
side of the dielectric substrate has a butterfly shape 
having an axis of symmetry, which coincides with 
the direction of the metal strip (4, 5) for supplying 
signals to and from said dipole (2, 3), with the but- 
terfly shaped projection having a first dimension 
along the axis of symmetry and a second maximum 
dimension, normal to the first dimension, and 
whereby the tangents of the pehphery of the first 
radiating element (2) and the second radiating ele- 
ment (3) at their intersections with first line (4) and 
the second line (5) respectively, are oblique to the 
direction, which direction is normal to the first line 
(4) and second line (5) at an angle, which angle is 
between 10** and 50°. 

7. Antenna system according any of claims 1 to 5, 
whereby the projection of the dipole (2, 3) to either 
side of the dielectric substrate has a butterfly shape 
having an axis of symmetry, which coincides with 
the direction of the metal strip (4, 5) for supplying 
signals to and from said dipole (2, 3), with the but- 
terfly shaped projection having a first dimension 
along the axis of symmetry and a second maximum 
dimension, normal to the first dimension, and 
whereby the tangents of the pehphery of the first 
radiating element (2) and the second radiating ele- 
ment (3) at their intersections with first line (4) and 
the second line (5) respectively, are oblique to the 
direction, which direction is normal to the first line 
(4) and second line (5) at an angle, which angle is 
between 25** and 42°. 



8, whereby each one of the coupling element (10) 
of the first line (4) and the coupling element (1 0) of 
the second line (5) has distinct parts with different 

widths. 

5 

10. Antenna comprising a plurality of the antenna sys- 
tems of any of the preceding claims 1 to 9. 
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8. Antenna system according to any of the claims 1 to 
7, whereby both the coupling element (10) of the 
first line (4) and the coupling element (10) of the 55 
second line (5) have tapered portions. 

9. Antenna system according to any of the claims 1 to 
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